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Efficacy and tolerability of
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real-world observational study in

epilepsy

Ya Zeng' and Xintong Wu?*

‘Department of Pharmacy, West China Hospital, Sichuan University, Chengdu, China, 2Department of
Neurology, West China Hospital, Sichuan University, Chengdu, China

Purpose: To investigate whether there exists a statistically significant distinction
between the effectiveness and tolerance of perampanel (PER) and the number
of antiseizure medications (ASMs) that were tried prior to administering PER.

Method: A prospective, observational study was performed at West China
Hospital of Sichuan University. The study included patients diagnosed with
epilepsy who were prescribed PER and were monitored for a minimum of 6
months. The efficacy of PER was evaluated at 1, 3, 6, and 12-month intervals by
examining the retention rate and the 50% response rate. All statistical analyses
were conducted using IBM SPSS Statistics version 25 (IBM Corporation, Armonk,
New York).

Results: A total of 1,025 patients were identified, of which 836 were included in
the analysis. Seven hundred and eighty-nine patients (94.4%) were followed up
for a year. The median age of the patients was 29.32 + 14.06 years, with 45.81%
of the patients being male and 17.0% being adolescents. The average duration
of epilepsy was 11.22 + 8.93 years. Overall, PER was discontinued in 49.5% of
patients, with the most common reasons being inadequate therapeutic effect
and treatment-emergent adverse events (TEAEs). At the 6-month follow-up, the
retention rate was 54.2% (454/836), and 39.6% of patients had a 50% response.
At the 12-month follow-up, the retention rate was 49.4% (340/789), and 44.5%
of patients had a 50% response. Patients who received PER as monotherapy had
the highest retention rates (P = 0.034) and 50% response rates (P < 0.001) at
any follow-up point. TEAEs were reported in 32.0% of patients, and these led to
discontinuation in 15.4% of patients. The most common TEAEs were dizziness
and somnolence. There was no significant difference between subgroups (P =
0.57), but there was a significant difference between the dosage of PER and
TEAEs (P < 0.001).

Main findings: The study concludes that PER is effective in treating both
focal and generalized tonic-clonic seizures. Patients who had fewer previous
exposures to ASMs exhibited higher response rates to PER. TEAEs related to
PER dosage were more prevalent during the first 3 months of treatment and
tended to improve with continued use, ultimately demonstrating favorable long-
term tolerability.
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perampanel, real-world observational study, epilepsy, previous ASMs exposure,
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1 Introduction

In the past decade, epilepsy has affected over 70 million people
worldwide, making it one of the most common serious neurological
disorders globally (1). In China, the prevalence and incidence rates
are estimated to be 4.6-7.0 in 1,000 and 28.8-35.0 in 100,000,
respectively (2, 3), and the disease places a significant strain on
both the healthcare system and the affected individuals (4). Epilepsy
patients often experience psychological or physical complications,*
a reduced quality of life (5), three times higher mortality than
normal people (6), and increased costs for patients and social health
insurance (7).

Antiseizure medications (ASMs) remain the primary treatment
option for patients with epilepsy. Approximately 47% of patients
with newly diagnosed epilepsy achieve seizure-free status after first
monotherapy (8), and about 1/3 of these patients are refractory
to the available drugs (9). And the proportion of drug-resistant
patients does not appear to have changed over the previous 30 years
(10), therefore, there is a need for new ASMs that can improve
efficacy and tolerability of treatment.

Perampanel (PER) is the first and only non-competitive alpha-
(AMPA)
receptor antagonist specifically engineered to block glutamate

amino-3-hydroxyl-5-methyl-4-isoxazole-propionate

activity at postsynaptic AMPA receptors (11). PER is well-absorbed
orally, has good plasma protein binding, and can be taken once
daily, which can improve patient compliance. Furthermore, there
is no significant interaction between PER and other ASMs.? In the
US, PER is approved as an adjunctive treatment and monotherapy
for focal onset seizures (FOS) in patients aged > 4 years and as an
adjunctive treatment for generalized tonic-clonic seizures (GTCS)
in patients aged > 12 years (12). PER has also been approved in
China and multiple other countries for treating both FOS with or
without GTCS as adjunctive treatment and monotherapy (13). AS
a new ASM characterized by non-competitive glutamate AMPA
receptor antagonism, this peculiar mechanism of action is probably
led to the role of PER in the bigger picture of ASM drugs, due to
its optimal activity on myoclonic seizures (14), also justified by its
neurophysiological profile affecting both cortical and sub-cortical
paths (15, 16).

The efficacy and safety of adjunctive PER have been
demonstrated in several randomized controlled trials (RCTs) and
meta-analyses, include an analysis of phase III double-blind and
open-label extension study in China (17-21). Some real-world
retrospective studies conducted in Australia and Spain reported a
12-month retention rate of 55 and 80.5% at a medium maintenance
dose of 6 mg/day, respectively, and identified several potential
factors (gender, age, and previous ASMs) that may improve efficacy
and tolerability, guiding the selection of the best PER treatment
plan for patients (22, 23). in China, two previous observational
studies reported 6-month retention rates of 77.8 and 67.9% at a
mean maintenance dose of 4.96 & 2.41 mg/day and 5.1 + 1.5 mg/d,

1 Epilepsy: a public health imperative. Available onlin at: https://www
who.int/publications/i/item/epilepsy-a- public- health-imperative (accessed
December 8, 2021).

2 FYCOMPA® Prescribing Information [Internet]. (2021).
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respectively (24, 25) one study reported 8-month retention rates of
72% at a mean maintenance dose of 5.9 £ 1.5 mg/day.

In this study, we conducted a 12-month prospective study
in a real-world setting to systematically evaluate the efficacy and
tolerability of PER in controlling FOS and GTCS as adjunctive
treatment and monotherapy in Chinese patients with epilepsy.
Our study included patients with any epilepsy type who had been
taking PER for at least 4 years and who were receiving PER
as monotherapy or in combination with any other therapeutic
strategies. We hope that our study will provide useful data for the
clinical application of PER in Chinese patients with epilepsy in
the future.

2 Methods

2.1 Selection and description of
participants

This study included patients diagnosed with epilepsy who were
prescribed PER based on their clinician’s recommendation from
2019 to 2022 at West China Hospital, Sichuan University. Patients
were included if they met the following criteria: (1) confirmed
diagnosis of epilepsy; (2) age > 4 years; and (3) prescription of PER.
Patients were excluded if they received PER for <6 months. Study
termination criteria: (1) patients who requested to withdraw from
the study; (2) patients could not tolerate PER even with 2 mg/d; (3)
pregnancy; (4) withdrawal due to other reasons.

All data were collected from our databases, and all patients
were followed up by clinic visits or phone calls. The data collected
included gender, age, seizure onset history, epilepsy etiology,
epilepsy type, current and previous use of ASMs, PER titration
and maintenance dosage, seizure frequency data from seizure
diaries (or investigator assessment of therapeutic response if diaries
were unavailable), and treatment-emergent adverse events (TEAEs)
leading to withdrawal of PER (12). The study was reviewed and
approved by the West China Hospital Medical Ethics Committee.
The study was conducted in accordance with the principles of the
Declaration of Helsinki. All patients or their legal guardian/next
of kin gave written informed consent to participate in this study
before enrollment.

2.2 Technical information

In this study, patients with epilepsy were classified into five
subgroups based on the number of previous ASMs they had been
exposed to prior to taking PER (Table 1), regardless of which ASMs
they were. PER was administered orally at a starting dose of 2 mg
once daily at night and gradually increased by 2mg every 2-4
weeks, with further increases at higher doses based on individual
epileptologists’ preferences, taking into consideration the dose-
related risk of falls (20). Patients were followed up every 2-6
months after starting PER treatment. The “titration-phase” was
typically set at 2-3 months, and outcomes were assessed thereafter
(Figure 1).

The primary endpoint was the retention rate, defined as the
proportion of the initial number of patients who remained on PER
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at 1, 3, 6, and 12 month follow-ups. The secondary efficacy endpoint Missing data were not imputed, and all analyses were conducted
were 50% response and seizure free rate, defined as the proportion  using available data and performed using IBM SPSS Statistics
of patients with a >50% reduction in seizure frequency or seizure  version 25 (IBM Corporation, Armonk, New York). Qualitative
free at 1, 3, 6, and 12 month follow-ups compared to the baseline  variables were expressed as n (%), while quantitative variables
seizure frequency on PER, including patients with seizure free since ~ were presented as mean =+ SD. Student t-Tests or the non-
the previous follow-up. parametric Mann-Whitney U-Test was used for comparing each
Throughout the follow-up period, TEAEs were recorded and  subgroup for continuous variables, while Chi-squared tests or
classified by severity as mild, moderate (requiring dose reduction  Fisher’s exact test was used for categorical variables. Retention
or discontinuation), or severe (requiring medical treatment rate was assessed with counting the number of patients taking
or resulting in death). The symptoms of each TEAE were PER every month using the Kaplan-Meier survival analysis. All
also recorded. statistical analyses were conducted against a two-sided alternative
hypothesis with a p-value < 0.05 considered to be statistically

significant. Variables with a p-value of <0.05 were included in

2.3 Statistics the backward stepwise logistic regression analysis and presented
as odds ratios (ORs) with 95% confidence intervals (ClIs) and

Sample size needed for the primary endpoint (the retention corresponding p-values.

rate) in this study was calculated based on a multicenter,

retrospective, non-interventional, Phase IV study that assess

retention, efficacy, safety, and dosing of PER in patients with 3 Results

epilepsy during routine clinical care (12). It found that 24-month . _
retention rates were 53.5% (n = 91/170) in adolescents and 47.8% 3.1 Patients (n = 836)
(n = 354/741) in adults. If the lower limit of the 95% confidential

Initially, 1,02 i incl in thi , |
interval (CI) of 24-month retention rates in our study was to be nitially, 1,025 patients were included in this study, but only

i \ 1 i ing 1 follow-
>40%, a sample size of >654 patients are needed to achieve a 836p atlent.s we}‘e analyzed du'e .to 90 patients belng ost to follow
up or having incomplete clinical data. The median age of the

included patients was 29.32 % 14.06 years, with 392 (46.9%) being

male and 142 (17.0%) being adolescents. The mean duration of

statistical power of 90%. Anticipating a dropout rate of 20%, a
minimum of 785 patients were needed.

epilepsy was 11.22 £ 8.93 years. Patients who received PER as
TABLE 1 The definition of each subgroup. monotherapy had a shorter mean duration of epilepsy (4.92 £ 9.51
years) compared to those who received PER as adjunctive therapy

Subgroup Define (9.78 £ 8.40 years for first adjunctive therapy, 11.22 £ 8.80 years

for second adjunctive ASM, 11.96 £ 9.71 years for third adjunctive

Monotherapy Patients who didn’t take any ASM before, and
PER was the first ASM for them ASM, and 10.82 & 7.78 years for above third adjunctive ASM)
First adjunctive ASM Patients who had previously received only 1 (Table 2). . .
ASM monotherapy regimen and PER was the Among the patients, 37.2% (331) had focal epilepsy, 46% (385)
second ASM for them had generalized epilepsy, 6.5% (54) had epilepsy syndrome, and
Second adjunctive ASM Patients who had received 2 ASMs 10.3% (86) had unclassified epilepsy. Of the patients, 40.4% (338)
monotherapy or combined treatment, and had identified epilepsy etiology, with genetic factors (14.0%) and
PER was the third ASM for them central nervous system (CNS) infections (10.0%) being the most
Third adjunctive ASM Patients who had received 3 ASMs common causes. Other causes were trauma (1.0%), tumor (8.0%),
monotherapy or combined treatment, and and other (7.8%) (Table 2)

PER was the forth ASM for them . .
The recommended maintenance dose of PER according to

Above third adjunctive ASM Patients who had received > 3 ASMs
monotherapy or combined treatment

the instructions is 4-12 mg/day. In the whole study, the daily

maintenance doses of PER were ordered as follows: 4 mg (64.5%), 6

[ Maintenance dose: 4~ 12mg, adjusted according to individual’s efficacy and safety assessments

I
| l 2 ~ 4wecks I I 2~ dweeks I

L oo o o oo o o o o o e o omm e e mm mm m mm m mm m mm m mm m me m  mm  m

- e em e o —

FIGURE 1
The titration and maintenance of PER. All patients were accepted standard treatment. Starting with 2 mg PER, PER dose titration occurred every 2
weeks. Until the optimal maintenance dose is reached. The maintenance dose was 4-12 mg.
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TABLE 2 Clinical characteristics of patients using PER (n = 836).

Characteristics Total Monotherapy First Second Third >Third
(n = 836) (n = 35) adjunctive adjunctive adjunctive adjunctive
ASM
(n = 432)
Male, 1 (%) 392 (46.9%) 17 (48.6%) 45 (45.9%) 208 (48.1%) 86 (43.2%) 34 (47.2%)
Adolescent, 1 (%) 142 (17.0%) 13 (37.1%) 18 (18.4%) 82 (19.0%) 22 (11.6%) 7(9.7%)
Age at PER initiation 29.32 = 14.06 29.18 4 17.19 28.82 + 14.82 29.59 =+ 13.90 30.63 + 13.39 29.60 = 14.09
(mean years)
Duration of epilepsy 11.13 4+ 9.41 4.92 +£9.51 9.78 + 8.40 11.22 + 8.80 11.96+9.71 10.82+47.78
(mean years)
Type of epilepsy, n (%)
Focal 331 (37.2%) 14 (40.0%) 38 (38.8%) 164 (40.0%) 71 (35.7%) 24 (33.3%)
Generalized 385 (46%) 14 (40.0%) 40 (40.8%) 198 (45.8%) 95 (47.7%) 38 (52.8%)
Epilepsy syndrome 54 (6.5%) 2 (5.7%) 9 (9.2%) 28 (6.5%) 13 (6.5%) 2 (2.8%)
Unclassified 86 (10.3%) 5 (14.3%) 11 (11.2%) 42 (9.7%) 20 (10.1%) 8 (11.1%)
Etiology, n (%)
Known 338 (40.4) 14 (40.0%) 36 (36.7%) 168 (38.9%) 79 (39.7%) 41 (41.8%)
Assumed genetic 117 (14.0%) 4 (11.4%) 14 (14.3%) 60 (13.9%) 27 (13.6%) 12 (12.2%)
Trauma 8 (1.0%) 0 (0.0%) 2 (2.0%) 4(0.9%) 2 (1.0%) 0(0.0%)
Tumor 67 (8.0%) 3 (8.6%) 7 (7.1%) 33 (7.6%) 15 (7.5%) 9 (9.2%)
CNS infection 81 (10.0%) 4 (11.4%) 8 (8.2%) 39 (9.0%) 19 (9.5%) 11 (11.2%)
Other 65 (7.8%) 3 (8.6%) 5 (5.1%) 32 (7.4%) 16 (8.0%) 9 (9.2%)
Unknown 497 (59.6%) 21 (60.0%) 62 (63.3%) 264 (61.1%) 120 (60.3%) 31 (31.6%)
Dose (mg/d), n (%)
2mg 47 (5.6%) 1(2.9%) 6 (6.1%) 21 (4.9%) 13 (6.5%) 6 (8.3%)
4mg 473 (56.6%) 11 (31.4%) 68 (69.4%) 252 (68.5%) 106 (61.8%) 36 (61.8%)
6mg 174 (20.8%) 6 (17.1%) 11 (11.2%) 98 (18.1%) 40 (20.1%) 19 (26.4%)
8mg 85 (10.2%) 12 (37.1%) 12 (12.2%) 29 (6.7%) 27 (8.5%) 5(6.9%)
10mg 38 (4.5%) 4(5.7%) 1 (1.0%) 21 (1.9%) 8 (2.5%) 4 (1.4%)
12mg 19 (2.3%) 1(5.7%) 0 (0.0%) 11 (0.0%) 4(0.5%) 2 (0.0%)
Discontinuation from PER, n (%)
TEAEs 128 (15.3%) 5 (14.3%) 14 (14.3%) 65 (15.0%) 32 (16.1%) 12 (16.7%)
Inadequate therapeutic 154 (18.4%) 4(11.4%) 10 (10.2%) 73 (16.0%) 52 (26.1%) 15 (20.8%)
effect
Patient choice 80 (9.6%) 2 (5.7%) 7 (7.1%) 42 (9.7%) 20 (10.1%) 9 (12.5%)
Other 52 (6.2%) 1(2.9%) 6 (6.1%) 23 (5.3%) 14 (7.0%) 8 (11.1%)

mg/day (18.4%), 8 mg/day (9.1%), 2 mg (5.6%), 10mg (2.0%),and 3.2 Efficacy (n = 836)

12mg (0.4%) (Figure 2).

PER was discontinued in 414 (49.52%) patients after 1 year
of follow-up. The most common reason for discontinuation was
inadequate therapeutic effect (meaning that the seizure frequency
did not change or became worse) (18.42%). Other reasons included
TEAEs (15.31%), patient choice (usually related to economic
factors or inconvenient purchase), and other reasons. The primary
reason for discontinuation was slightly different in subgroups, but
the difference was not significant (P = 0.11).

Frontiersin Neurology
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In our study,789 patients (94.38%) had been exposed to PER
for over a year. Forty-seven patients (5.62%) were still undergoing
PER treatment but had been exposed to PER for <12 months, and
they were excluded from the numerator and denominator at the 12-
month follow-up. After 1 year of follow-up, approximately half of
the patients (54.3%, 454/836) had achieved >6 months of exposure
to PER (69% of patients received PER as monotherapy, 64%
received PER as first adjunctive ASM, 56% received PER as second
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monotherapy

first adjunctive ASM
second adjunctive ASM
third adjunctive ASM
above third adjunctive ASM

DB WN =
[l _|winis]

FIGURE 2

The doses of PER. This figure represents the proportion of patients receiving different doses in subgroups 1-5. 1: patients use PER as monotherapy;
2: patients use PER as first adjunctive therapy; 3: patients use PER as second adjunctive therapy; 4: patients use PER as third adjunctive therapy; 5:
patients use PER as above third adjunctive therapy. a: The percentage of patients receiving 4 mg in subgroup 3, which accounts for 30.14% of the
total number of patients.

TABLE 3 The efficacy of PER.

Characteristics Total Monotherapy First Second Third >Third
(n = 836) (n = 35) adjunctive adjunctive adjunctive adjunctive

ASM ASM
(n =432) (n=199)

Retention rates

1 month 81.33% 85.71% 84.69% 80.09% 82.41% 79.17%
3 month 64.47% 74.29% 70.41% 65.05% 62.81% 52.78%
6 month 54.31% 68.57% 64.29% 55.56% 48.24% 43.06%
12 month 47.66% 60.00% 56.98% 51.09% 37.89% 37.14%

50% response rates

1 month 22.24% 25.71% 23.47% 25.93% 17.09% 11.11%
3 month 32.25% 45.71% 39.80% 39.12% 23.12% 19.44%
6 month 39.59% 60.00% 52.04% 45.60% 25.63% 20.83%
12 month 44.49% 60.00% 54.65% 49.15% 32.63% 30.00%

Seizure free

1 month 5.62% 14.29% 6.12% 7.18% 2.51% 0.00%
3 month 7.66% 17.14% 12.24% 9.37% 2.51% 1.39%
6 month 8.72% 20.00% 15.31% 9.72 % 3.52% 2.78%
12 month 19.68% 38.89% 30.61% 20.38% 9.72% 7.69%

adjunctive ASM, 48% received PER as third adjunctive ASM, and ~ (340/789) of the patients achieved >1 year of exposure (Table 3,
43% received PER as above third adjunctive ASM). About 49.4%  Figure 3). Our analysis showed that patients who received PER as
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FIGURE 3

the 50% response rates of each subgroups in 1, 3, 6, 12 months.

The efficacy of PER in five subgroups. The figure left represents the retention rates of each subgroups in 1, 3, 6, 12 months, the figure right represents

50% response rates
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monotherapy had the highest retention rate, and the retention rate
of PER decreased significantly with the number of previously failed
ASMs (P = 0.034).

The second efficacy outcome was the 50% response rate (which
refers to the proportion of patients whose median percentage
reduction in seizure frequency from baseline was >50%) and
seizure free rate. Overall, after a month of PER treatment, the
proportion of patients who had a 50% response rate and seizure free
were 22.2 and 5.6%, respectively; 32.0 and 7.7% after 3 months of
PER treatment; 40.0 and 8.7% after 6 months of PER treatment; 44.5
and 19.7% after 12 months of PER treatment. Seventy-four patients
had been seizure free for the whole of 1 year (Table 3). It is evident
that patients were most likely to have a 50% response rate in the first
6 months (Figure 3). Patients who received PER as monotherapy
had the highest 50% response rate and seizure free rate, both rates
decreased significantly with the number of previously failed ASMs
before PER (P < 0.001).

The present analysis of effects included 142 (17.0%) adolescents
(aged 4- <18 years) and 694 (83.0%) adults (aged > 18 years),
with 11 adolescents and 36 adults not having 12-month follow-up
data. Of the adolescents, 13 (37.1%) received PER as monotherapy.
Approximately 55.6% of adolescents achieved > 6 months’
exposure, and 52.7% achieved >12 months’ exposure, while for
adults, the corresponding figures were 54.0 and 46.7%, respectively.
There were minor differences in retention rates and 50% response
rates between adolescents and adults in all subgroups, but no
significant differences were found (Figure 4).

In all types of epilepsy, FOS had the best 50% response,
with 45.7% of patients after 6 months of PER treatment. GTCS
had a response rate of 39.7%, the unclassified group had 31.3%,
and patients with an epilepsy syndrome had the lowest response
rate at 16.7%. The patient numbers in each group were not
listed as the 50% response rates were not generally comparable
across subgroups. No significant differences in 50% response
rates were found between the different types of epilepsy (P
= 0.065).

In all epilepsy etiologies, patients with other reasons had the
best 50% response, with 44.6% of patients responding after 6
months of PER treatment. Patients with infection had a response

Frontiersin Neurology

rate of 42.0%, followed by those with an unknown reason at 40.0%,
assumed genetic reason at 38.5%, trauma at 37.5%, and tumor had
the worst response rate at 34.3%. No significant differences were
found between the different epilepsy etiologies in terms of 50%
response rates (P = 0.257).

PER was used as the first adjunctive ASM in 98 patients. The
most commonly used concomitant ASMs were levetiracetam (LEV)
(32, 32.65%), oxazepine (OXC) (27, 27.55%), valproate (VPA) (14,
14.29%), carbamazepine (CBZ) (8, 8.16%), and lamotrigine (LTG)
(8, 8.16%). Patients who used CBZ (75.00%) and OXC (70.37%)
before had the highest PER retention rate at the 6-month follow-
up and remained high at the 12-month follow-up. They also
had higher 50% response rates (Table 4). However, there were no
significant differences between concomitant ASMs and retention
rates (P = 0.635) or 50% response rates (P = 0.272).

3.3 Tolerability (n = 836)

TEAEs were reported in 267 (32.0%) patients (Table 5). The
most common TEAEs were dizziness and somnolence (n = 194
[23.2%]), as well as aggression and irritability (n = 127 [15.2%]).
The TEAEs were not significantly different between subgroups of
patients stratified by the number of concomitant ASMs at baseline
(P =0.57). TEAEs leading to discontinuation were reported in 128
(15.4%) patients, with the most common ones being aggression
and irritability (n = 77 [9.3%]) and dizziness and somnolence (n
=51 [6.1%]). Other TEAEs included weight gain, headaches, and
diarrhea. No patients in our study required medical treatment or
died from serious TEAEs related to PER. The dosage of PER was
significantly associated with TEAEs and PER discontinuation due
to TEAEs (P < 0.001).

4 Discussion

PER has been licensed for use as adjunctive therapy and
monotherapy in patients with FOS, with or without GTCS, aged >
4 years, and as adjunctive treatment of GTCS in patients aged > 12

frontiersin.org


https://doi.org/10.3389/fneur.2023.1286276
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Zeng and Wu

10.3389/fneur.2023.1286276

The mean retention rates of adult and adolescent

1 p=049 p=068 p=091 p=093 p=073

1]

2

o patient

5 adult

=

5 adolescent
ko)

14

e agy

st acnctive theragy  second sduncive ASM  Dhd adjuncive ASM  atove ed adjuncive ASM

group

FIGURE 4

was significant difference between adults and adolescents.

The efficacy of PER in adults and adolescents. The result represents the average value at time nodes 1, 3, 6, and 12 months. P < 0.05 represents there

The mean 50% response rates of adult and adolescent

*1 p=0.75

p=0.76

p=051 p=050 p=0.35

patient

adult
adolescent

50% response rate

group

TABLE 4 The most used concomitant ASMs in first adjunctive ASM group.

Retention rates

50% response rates

Most used 1 month 3 month 6month 12month 1month 3 month 6 month 12 month
concomitant ASMs

Levetiracetam (1 = 32) 75.00% 65.63% 59.38% 53.13% 12.50% 31.25% 50.00% 53.13%
Oxazepine (1 = 27) 88.89% 77.78% 70.37% 66.67% 29.63% 55.56% 66.67% 74.07%
Valproate (1 = 14) 100.00% 71.43% 64.29% 64.29% 28.57% 42.86% 42.86% 57.14%
Lamotrigine (n = 8) 62.50% 62.50% 62.50% 62.50% 25.00% 25.00% 37.50% 50.00%
Carbamazepine (1 = 8) 100.00% 75.00% 75.00% 75.00% 50.00% 50.00% 50.00% 62.50%
Topiramate (n = 6) 83.33% 83.33% 66.67% 66.67% 0.00% 33.33% 50.00% 50.00%
Clonazepam (n = 2) 100.00% 50.00% 50.00% 50.00% 50.00% 50.00% 50.00% 50.00%
Lacoxamine (1 = 1) 100.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

years, following sufficient RCTs to prove efficacy and safety (see text
footnote 2). While RCTs may have favorable internal consistency,
they may lack external application suitability, such as differences in
drug dosage profiles from clinical practice. Epilepsy, as a chronic
disease, requires real-world retrospective studies with longer
follow-up times and larger sample sizes that can complement
some of the limitations of RCTs. The American Academy of
Neurology and International League Against Epilepsy Commission
has recommended more meaningful long-term comparative trials
that are representative of real-world clinical practices (26). Since
2016, the United States Congress has also approved the use of
“real-world evidence” to replace traditional clinical trials to expand
indications (12).

To date, PER is the only highly selective, noncompetitive
AMPA glutamate receptor antagonist that is complementary to
other ASMs on the market today (27). Patients in this study were
divided into five subgroups based on the number of previously
failed ASMs before PER as monotherapy, first adjunctive ASM,
second adjunctive ASM, third adjunctive ASM, and above third
adjunctive ASM. The study showed that PER was particularly
successful for both FOS or GTCS patients, especially when used
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as the first option in patients who failed the first ASM, with a
significant difference than more previous ASMs failed before. This
result was in line with reported RCTs (28) and observational studies
(29, 30) before. All these suggest that previous ASMs exposure
may be associated with PER failure, no matter which ASMs they
were. In this study, the use of fewer concomitant ASMs was
associated with better outcomes. The reason may be related to drug-
resistant epilepsy. The prognosis in newly diagnosed epilepsy is
usually good, with up to 50% of people entering remission either
without treatment or on their first ASM (31). A comparison of
the effectiveness and tolerability of PER and brivaracetam shows
no significant difference (32). Thus, the most powerful prognostic
factor is the response of patients to the first ASM, not which ASM
it is. This factor was particularly useful among patients in whom
treatment at first or with the first ASM failed, PER did not show
more effectiveness than other ASMs (32-34). we still need more
studies to compare whether there are significant efficacy differences
in different add-on ASMs, to provide evidence in the determination
of which patients will benefit from different PER use.

An early response to drug therapy confers a favorable
prognosis. In this study, the increase in the 50% response rate and

07 frontiersin.org


https://doi.org/10.3389/fneur.2023.1286276
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Zeng and Wu

TABLE 5 The TEAEs of PER.

10.3389/fneur.2023.1286276

Patients type Dosage All patients TEAES, n (%) TEAEs leading to PER discontinued, n (%)
Monotherapy 4mg 11 3(27.27%) 0(0)
6mg 6 2(33.33%) 0(0)
$mg 12 5 (41.67%) 1(8.34%)
10 mg 4 3 (75%) 2 (50)
12mg 1 1 (100%) 1(100%)
First adjunctive ASM 4mg 68 17 (25%) 7 (10.29%)
6mg 11 3(27.27%) 1(9.09%)
8mg 12 7 (58.33%) 4(33.33%)
10 mg 1 1 (100%) 1 (100%)
12mg 1 1 (100%) 1 (100%)
Second adjunctive ASM 4mg 252 67 (26.59%) 35 (13.89%)
6mg 98 29 (29.59%) 11 (11.22%)
8mg 29 14 (48.28%) 5(17.24%)
10mg 21 14 (66.67%) 8 (38.1%)
12mg 11 9 (81.82%) 6 (54.55%)
Third adjunctive ASM 4mg 107 29 (27.1%) 10 (9.35%)
6mg 40 15 (37.5%) 8(20%)
8 mg 27 13 (48.15%) 9 (33.33%)
10 mg 8 4(50%) 3(37.5%)
12mg 4 3 (75%) 2 (50%)
>Third adjunctive ASM 4mg 36 11 (30.56%) 4(11.11%)
6mg 19 9 (47.37%) 4 (21.05%)
$mg 5 3 (60%) 1(20%)
10 mg 4 3 (75%) 2 (50%)
12mg 2 1(50%) 1(50%)

seizure free rate were more significant in the first 6 months than
in the last 6 months, especially in the first 3 months. The first 6
months are often referred to as the honeymoon period, especially
in drug-resistant epilepsy (35).

Our study found that when PER was used as monotherapy,
the proportion of adolescent was the highest, the efficacy is similar
in adolescent and adults. But efficacy could not be objectively
determined in this final analysis due to small adolescent numbers.

Efficacy did not differ significantly according to either
epilepsy type or epilepsy etiology. PER was the first drug
for treating FOS, so it had the largest number of studies to
suggest its efficacy (4, 20, 36), and an observational study
in Spain analyzed the effectiveness and tolerability of PER
across different seizure types (30). PER can be useful for
many different types of epilepsy, like idiopathic and genetic
generalized epilepsy (37), brain tumor-related epilepsy (38), even
status epilepticus (39). However, additional studies focusing
on treated with PER for different epilepsy types and etiology
remain necessary.

Drug interactions always lead to differences in the efficacy
and tolerability of different ASM combinations. Margolis et al.
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described ASM combinations according to their mechanism of
action and evaluated whether certain combinations affected efficacy
or tolerability (40). We used their approach and assessed PER plus
one ASM with a different mechanism of action and found no
treatment advantage, even though OXC and VPA were found with
higher retention rates and 50% response rates. However, in one
study (30), patients previously treated with VPA had significantly
higher retention rates of epilepsy than other ASMs.

From previous reports, the retention rates at 1 year were 70.4%
(17), 53.5% in adolescents and 47.8% in adults (12), and 40.0%
(22) from previous studies, while in our study it was 44.4%. The
50% response rate at 1 year was 65.8% (17), 79.3% in adolescents
and 70.8% in adults (12), 21.7% (22), and 44.0% in our study. We
analyzed the reasons for the large differences in results. Firstly,
it might be due to differences in study design. There were 71
patients (8.5%) who were exposed to PER for <12 months and
were not included in the calculation in our study and the Australian
study (22), This approach may lead to an underestimation of the
retention rate at 12 months, like the intention-to-treat principle in
RCTs. Secondly, there were differences in the studied populations,
baseline characteristics, and the assessed drug regimens. Some
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previous studies had a majority of White patients (12, 22), FOS
(4, 20, 36), and used PER as adjunctive ASM.

During this 1-year follow-up study, PER was generally found
to be short-term and long-term safe and well-tolerated, similar to
previous studies (12, 17, 22). PER can cause dose-related TEAEs
like many other drugs. The most commonly reported TEAEs were
dizziness, somnolence, fatigue, and irritability, similar to previous
studies (12, 17, 22). Glutamate is one important neurotransmitter
in the central nervous system (CNS) and may play a major role
in epileptic activity, rapid eye movement (REM) sleep, and non-
REM (41, 42). As the only AMPAR antagonist, these mechanisms
of PER also lead to TEAEs in the CNS. TEAEs were reported
in 32.0% of patients, which usually occur during the titration
phase and tend to subside within a few weeks and decrease over
time with the continuation of therapy or reduction of dose. Our
study indirectly proved that PER tolerability is improved with low
doses and a slow titration when PER is administered. TEAEs were
reported leading to discontinuation in 15.4% of patients, which
is less than regabalin in 46% of patients, zonisamide in 30% of
patients, brivaracetam in 21% of patients, and 19% for LEV (33, 43).
Some studies have shown that when PER is prescribed as the first
adjunctive ASM and used with low doses (<6mg) and a slow
titration (2 mg/day every >2 weeks), the frequency of TEAEs is
halved (44, 45). In our study, 83.0% of patients in our study used
PER with < 6mg, which may be the reason for fewer TEAEs
discontinuations. The lack of efficacy, which was reported in 19.3%
of patients, was the most commonly reported reason for PER
treatment discontinuation.

Compared to most other ASMs, PER shows better compliance,
allows for once-daily administration, and doesn’t require
monitoring of blood-drug concentration (27). Dizziness and
somnolence can be reduced by taking PER at bedtime. Data
about drug interactions with PER were limited, almost clinically
insignificant, and no TEAEs caused by drug interactions have been
reported to date (27).

The limitations of this study are as follows: First, like all
retrospective studies, it is limited by inherent risks, including
missing information, lack of randomization, potential for relevant
information to be missing from records, patients’ subjective
records, and variations in follow-up timing (33). Secondly, only
17.82% of patients were adolescents, and we did not separate
out subgroups of adolescent and elderly patients. Therefore,
detailed information cannot be provided for these populations.
Furthermore, we still need more comparative studies to identify
predictors of long-term efficacy and provide strong guidance for
clinicians to determine which patients will benefit from PER
use (22).

5 Conclusions

This study confirms that the use of PER as monotherapy
or adjunctive therapy was effective in controlling various
types of epilepsy in a real-world setting and had long-term
tolerability in patients. The high overall retention rate of 54.31

Frontiersin Neurology

10.3389/fneur.2023.1286276

and 50% response rate of 44% underscored the good efficacy
and tolerability of PER. Additionally, this study observed that
patients who had more previous exposure to ASMs had lower
response rates, which is consistent with a previous study on
all ASMs.
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